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Introduction

Collection
treatment equipment are modeled for European conditions. In cases of processes with recovery of 182 commodities, system expansion was performed, where recycled steel substitutes the production of 183 virgin steel, and that the process water concentrate substitutes production of inorganic fertilizers.
184
Likewise, credits are given to avoided extraction and firing of fossil hard coal, and to avoided 185 conventional treatment of biowaste in accordance with the recommendations of the ILCD guidelines 186 for this decision support type. (Tables S39-S47 ).
283
The LCIA results show four main trends. First, the impact scores are negative for 6 (green waste, food waste, and digestate) and 5 (organic fraction of MSW) impact categories (Table S39 and S40 ). s Third, 285 green waste is seen as the best or second best in 2 and 10 impact categories, respectively, and 286 statistically significant differences in impact scores between green waste and food waste, organic 287 fraction of MSW, and digestate occur in 14, 12, and 6 impact categories, respectively. Fourth, digestate 288 is seen the worst in 7 impact categories although in 10 impact categories the difference between 289 digestate and food waste is not statistically significant ( 
Substituted waste management system and collection of biowaste influence performance 315
To explain the aforementioned trends and ultimately to identify improvement potentials for the HTC 316 technology a process contribution analysis was conducted, i.e. identifying the processes with the largest 317 environmental burden (Fig. 3) . It shows that avoided generation of heat (i.e. heat that does not have to fraction of MSW are also higher (by ca. one order of magnitude, see SI †, Section S3), which further 379 contributes to higher toxic impact scores for this type of hydrochar system. Berge et al. 23 also showed 380 that HTC process water emissions are important contributors to impact scores for the toxicity-related 381 impact categories, but they did not include emissions from hydrochar solids. Our results show that 382 short-and long-term impacts from disposal of ashes are even more important than process water 383 emissions, irrespective of the biowaste type and fraction of metals associated with hydrochar solid 384 phase. They also show that the use of process water as fertilizer has the potential to increase human 385 health impacts (non-cancer) due primarily to its contents of metals like zinc which are spread on the 386 soil together with the process water, and to increase freshwater eutrophication impacts from phosphate
